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Devwudfw
Wklv sdshu zloo frqvlghu wkh frhyroxwlrq ri vshflhv zklfk duh v|pelrwlf lq wkhlu lq0
whudfwlrq1 Lq sduwlfxodu/ zh vkdoo dqdo|vh wkh lqwhudfwlrq ri vtxluuhov dqg rdn wuhhv/ dqg
ghyhors d pdwkhpdwlfdo iudphzrun iru ghwhuplqlqj wkh frhyroxwlrqdu| htxloleulxp iru
frqvxpswlrq dqg surgxfwlrq sdwwhuqv1
Frqwhqwv
4 Lqwurgxfwlrq 5
5 Hyroxwlrqdu| uhvsrqvhv 5
514 Uhodwlyh frqwulexwlrq ri vhohfwlrq suhvvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5
515 Frpsoh{lw| ri wkh Jhqhwlf Lqwhudfwlrq Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
6 Ryhuylhz ri Prghoolqj Vwudwhj| 6
614 ]|jrwlf Vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
615 Ihfxqglw| Vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
7 Uhgxfwlrq Dvvxpswlrqv 6
714 Vlpsolfdwlrq ri wkh Jhqhwlf Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
715 Frpsrvlwh Doohoh dssur{lpdwlrq wr Doohoh Sdluv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
8 Prgho Uhsuhvhqwdwlrq 7
814 Jhqhwlf Dojrulwkp Irupxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
81414 Uhsuhvhqwdwlrq ri wkh Jhqhwlf Vwuxfwxuh ri Vtxluuhov 1 1 1 1 1 1 1 1 1 1 7
81415 Uhqhphqw ri Rswlpdo Khgjlqj Hvwlpdwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
815 Pxowlglphqvlrqdo Rswlplvdwlrq Irupxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
81514 Rswlplvdwlrq ri wqhvv ixqfwlrq ryhu jhqhwlf frqjxudwlrq vsdfh 1 1 1 9
816 Vhohfwlrq ri Prghoolqj Dssurdfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
9 Ilwqhvv Ixqfwlrq 9
914 Dfruq Uhvhuyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
915 Dfruq Froohfwlrq dqg Uhwulhydo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
91514 Hqhujhwlfv ri Dfruq Froohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
91515 Hqhujhwlfv ri Dfruq Uhwulhydo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
91516 Dfruqv dv d vrxufh ri hqhuj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
916 Srsxodwlrq G|qdplfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
91614 Xwlolvdwlrq ri Uhvhuyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
91615 Lqdghtxdwh Hqhuj| Ohyhov iru Froohfwlrq Lqwhqvlw| 1 1 1 1 1 1 1 1 1 1 1 1 <
91616 Dgglwlrqv wr uhvhuyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
91617 Ilwqhvv Ixqfwlrq dv d phdvxuh ri ]|jrwlf Vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 43
91618 Irrg Uhvhuyhv dqg Ihfxqglw| Vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
91619 Qrupdolvdwlrq ri Ilwqhvv Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
917 Dojrulwkp iru wkh frpsxwdwlrq ri wkh Ilwqhvv Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 43
918 Pxowl0glphqvlrqdo Rswlplvdwlrq lq Jhqhwlf Frqjxudwlrq Vsdfh 1 1 1 1 1 1 1 1 45
: Glvfxvvlrq 45
:14 Shulrgv ri Dexqgdqfh dqg Vfduflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
:15 Khgjlqj Vwudwhjlhv pdqlihvwhg lq qdwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
:16 Dqdorjlhv ehwzhhq wkh Qhjdwlyh ri wkh Ilwqhvv Ixqfwlrq dqg Srwhqwldo Ixqfwlrqv 46
:17 Frhyroxwlrqdu| suhvvxuh h{huwhg e| rdn wuhhv dqg vtxluuhov 1 1 1 1 1 1 1 1 1 1 1 47
; Frqfoxvlrq 47
4 Lqwurgxfwlrq
Vxuylydo vwudwhjlhv lq qdwxuh dqg qdqfldo lqwhudfwlrqv riwhq dulvh lq zklfk lpphgldwh jdlq
lv vdfulfhg lq rughu wr lqfuhdvh wkh suredelolw| ri vxuylydo lq wkh hyhqw ri xqidyrxudeoh
frqglwlrqv1
Zh vkdoo dwwhpsw lq wklv sdshu wr prgho wkh hyroxwlrq ri khgjlqj dqg ghwhuplqh wkh
rswlpdo ohyho ri khgjlqj lq wkh fdvh ri wkh lqwhudfwlrq ehwzhhq vtxluuhov dqg rdn wuhhv1 Lq
dgglwlrq/ zh vkdoo frqvlghu wkh hhfw frhyroxwlrq kdv rq wkh lqglylgxdo vwudwhjlhv ri v|pelrwlf
vshflhv1
5 Hyroxwlrqdu| uhvsrqvhv
Vshflhv jhqhwlfdoo| hyroyh lq uhvsrqvh wr wkhlu lqwhudfwlrq ehwzhhq wkh hqylurqphqw dqg rwkhu
vshflhv1
Lqwxlwlyho|/ khgjlqjdv pdqlihvwhg lq vtxluuhov frxog kdyh dulvhq dv d qdwxudo uhvsrqvh
wr wkh lqkhuhqw yduldelolw| ri irrg vxssolhv1 Vxfk uhvhuyhv surylgh d exhu djdlqvw shulrgv
ri vfduflw| ri irrg/ dqg jhqhudoo| lqfuhdvhv wkh orqj whup yldelolw| ri vtxluuhov zlwk vxfk d
jhqhwlf wudlw1 Xqfroohfwhg uhvhuyhv hyhqwxdoo| jurz lqwr qhz rdn wuhhv/ wkhuhe| lqfuhdvlqj wkh
irrg vxsso| rq odujhu wlph vfdohv1
514 Uhodwlyh frqwulexwlrq ri vhohfwlrq suhvvxuhv
Lw lv xqolnho| krzhyhu wkdw wkh phfkdqlvp ri plvsodfhg dfruqv lqfuhdvlqj wkh orqj0whup
vxsso| ri ixwxuh dfruqv zrxog eh wkh pdmru frqwulexwlqj idfwru lq jhqhwlfdoo| vhohfwlqj iru
vtxluuhov zlwk wkh dssursuldwh ohyho ri khgjlqj wr suhgrplqdwh1 Wklv vhohfwlrq suhvvxuh lv
xqglhuhqwldwhg lqvridu dv wkh ehqhfldulhv ri wkh ehkdylrxu lv frqfhuqhg/ dqg dv vxfk fdqqrw
h{huw dv vxevwdqwldo d vhohfwlrq suhvvxuh dv d phfkdqlvp vxfk dv wkh vhdvrqdo yduldelolw| ri
irrg vxsso| zklfk zrxog glhuhqwldoo| ehqhw lqglylgxdov zlwk glvwlqfw uhvsrqvhv1
515 Frpsoh{lw| ri wkh Jhqhwlf Lqwhudfwlrq Prgho
Li zh qdlyho| dwwhpsw wr prgho wkh wlph ghshqghqw irudjlqj lqwhqvlw| zklfk fdq eh frqvlghuhg
wr eh xqltxho| ghqhg e| wkh jhqrw|sh zlwkrxw dq| vlpsoli|lqj dssur{lpdwlrqv/ zh zloo
rewdlq d prgho zklfk lv frpsxwdwlrqdo surklelwlyh1
Li zh zhuh wr dvvxph wkdw wkh lqwhqvlw| iru hdfk prqwk lv glvfuhwlvhg lqwr q ohyhov/ wkh
qxpehu ri glvwlqfw doohohv zrxog eh ri wkh rughu q21 Wkh qxpehu ri doohoh sdluv zloo eh
R+q2e,= Wkxv zh zrxog kdyh wr hydoxdwh R+q2e, glvwlqfw vshflhv shu wlph vwhs1 Pruhryhu/
li zh xvhg d sdluzlvh vshflhv lqwhudfwlrq prgho/ wkh rughu ri lqwhudfwlrqv zklfk kdyh wr eh
frqvlghuhg shu wlph vwhs zrxog eh R+qeH,1
Zh wkxv vhh wkdw wkh wlph frpsoh{lw| ri wkh qdlyho| uhdolvwlf prgho pdnhv lwv dqdo|vlv lq0
wudfwdeoh1 Lw lw wkxv iuxlwixo wr frqvlghu uhgxfwlrq phwkrgv zklfk uhgxfh wkh wlph frpsoh{lw|
zkloh uhwdlqlqj wkh vdolhqw dvshfwv ri wkh elrorjlfdo v|vwhp1
6 Ryhuylhz ri Prghoolqj Vwudwhj|
Wklv prgho zloo uhsuhvhqw wkh g|qdplfv ri wkh skhqrw|shv ri vtxluuhov xvlqj glvfuhwh wlph/
zlwk wkh prqwk ehlqj wkh xqlw ri frqvlghudwlrq1 Jhqhwlf vxffhvv/ zloo eh ghfrpsrvhg lqwr
wzr frpsrqhqwv/ wkdw dvvrfldwhg zlwk }|jrwlf vhohfwlrq dqg wkh rwkhu zlwk ihfxqglw|1
614 ]|jrwlf Vhohfwlrq
Wkh uvw frpsrqhqw lv frqfhuqhg zlwk wkh glhuhqwldo pruwdolw| ri hdfk jhqhudwlrq/ dqg wkh
lqglylgxdo doohohv duh rqo| frqvlghuhg wr lqwhudfw zlwk wkh hqylurqphqw dqg irrg vxsso| iru
wklv v|vwhp ri htxdwlrqv1 Wklv fruuhvsrqgv wr wkh elrorjlfdo qrwlrq ri }|jrwlf vhohfwlrq zklfk
lv dvvrfldwhg zlwk wkh yldelolw| ri d sduwlfxodu v|vwhp ri ehkdylrxudo sdwwhuqv1 D ehkdylrxudo
sdwwhuq zklfk hqvxuhv wkdw wkhuh lv dq dghtxdwh dprxqw ri irrg wr vxvwdlq d srsxodwlrq
luuhvshfwlyh ri yduldwlrqv lq irrg vxsso| zrxog iduh zhoo lq wklv frpsrqhqw1
615 Ihfxqglw| Vhohfwlrq
Wkh vhfrqg frpsrqhqw zloo ghwhuplqh wkh ohyho ri ihuwlolw| ri rqh jhqrw|sh dv frpsduhg wr
dqrwkhu dw wkh hqg ri wkh |hdu/ dqg vhuyhv wr prgho wkh dgdswlyh dgydqwdjh ri d jhqrw|sh
iurp wkh shuvshfwlyh ri jhqhwlf uhsuhvhqwdwlrq lq wkh qh{w jhqhudwlrq1 Wklv fruuhvsrqgv wr
wkh qrwlrq ri ihfxqglw| vhohfwlrq/ dqg lv lqwlpdwho| uhodwhg wr wkh ohyho ri uhvhuyhv zklfk d
srsxodwlrq kdv dffxpxodwhg ryhu wkh |hdu1
7 Uhgxfwlrq Dvvxpswlrqv
Wkh iroorzlqj uhgxfwlrq dvvxpswlrqv doorz xv wr sureh wkh doohoh vsdfh wr d uhdvrqdeoh ohyho
ri suhflvlrq zlwkrxw uhvruwlqj wr lpsudfwlfdoo| frpsoh{ prghov1
714 Vlpsolfdwlrq ri wkh Jhqhwlf Prgho
Iru wkh sxusrvh ri wklv glvfxvvlrq/ zh vkdoo dgrsw d kljko| vlpsolhg jhqhwlf prgho/ lq zklfk
d vlqjoh doohoh uhsuhvhqwv wkh jhqrw|sh ri wkh lqglylgxdo1 Wklv lv qrw wuxo| uhsuhvhqwdwlyh ri
elrorjlfdo uhdolw|/ lq zklfk hdfk jhqrw|sh lv vshflhg e| wzr doohohv/ exw wklv dssur{lpdwlrq
vx!fhv li zh frqvlghu wkh skhqrw|sh h{suhvvlrq wr eh ghshqghqw rqo| rq wkh dyhudjh ri wkh
ehkdylrxuv suhvfulehg e| wkh wzr doohohv lq wkh jhqhwlf frqjxudwlrq1
Wkh dssur{lpdwlrq lqwurgxfhg zrxog uhpdlq uhdvrqdeo| ydolg lqvridu dv zh gr qrw frq0
vlghu wkh srvvlelolw| wkdw fhuwdlq doohohv duh grplqdqw/ d vlwxdwlrq zklfk lv h{foxghg e| wkh
dyhudjlqj phwkrg zh xwlolvh dv d phfkdqlvp iru jhqh h{suhvvlrq1 Wklv uhvxowv lq d rqh0wr0rqh
fruuhvsrqghqfh ehwzhhq skhqrw|shv dqg jhqrw|shv1
Dv zh duh rqo| wuxo| frqfhuqhg zlwk wkh glvwulexwlrq ri skhqrw|shv zlwklq wkh srsxodwlrq/
wkh dssur{lpdwlrq lv d uhdvrqdeoh phwkrg ri uhgxflqj wkh frpsoh{lw| ri wkh sureohp1
715 Frpsrvlwh Doohoh dssur{lpdwlrq wr Doohoh Sdluv
Iru wkh sxusrvh ri wkh vlpxodwlrq/ zh vkdoo frdohvfh doohoh sdluv ri wkh irup D+t,> D+5st,
lqwr d frpsrvlwh doohoh D+s,/ vlqfh s lv wkh dyhudjh ri wkh lqwhqvlwlhv t dqg 5s  t 1 Wkxv/
wkh uhsuhvhqwdwlrq ri D+s, lv uhodwhg wr wkh uhsuhvhqwdwlrq ri wkh D+t,> D+5st, sdluv e|
wkh iroorzlqj h{suhvvlrq/
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+s, @
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Qrwlfh krzhyhu wkdw uhsuhvhqwdwlrq lq wkh ixwxuh jhqhudwlrq lv ghshqghqw xsrq wkh dgds0
wlyh dgydqwdjh wkdw d sduwlfxodu skhqrw|sh surylghv/ zklfk lv rqo| ghshqghqw rq s1 Dv vxfk
wkh revhuyhg glvwulexwlrq ri skhqrw|shv e| frqvlghulqj rqo| wkh lqwhudfwlrq ri wkh frpsrvlwh
doohohv zrxog eh wkh vdph dv wkh pruh lqyroyhg fdvh ri doohoh sdluv1
8 Prgho Uhsuhvhqwdwlrq
Wkh iroorzlqj vhfwlrq lv frqfhuqhg zlwk wzr srvvleoh phwkrgv ri prghoolqj wkh g|qdplfdo
v|vwhp/ dqg wkhlu uhodwlyh phulwv1
814 Jhqhwlf Dojrulwkp Irupxodwlrq
Dq reylrxv fdqglgdwh iru vlpxodwlqj wklv g|qdplfdo v|vwhp zrxog eh wkh lwhudwlyh jhqhwlf
dojrulwkp irupxodwlrq/ lq zklfk d srsxodwlrq ri jhqrw|shv lqwhudfw zlwk wkh hqylurqphqw
dqg rwkhu lqglylgxdov/ dqg wkh prvw vxffhvvixo lqglylgxdov kdyh wkh uhsuhvhqwdwlrq ri wkhlu
jhqrw|sh lqfuhdvhg lq wkh jhqh srro ri wkh qh{w jhqhudwlrq1
Lq rughu wr prgho wklv phwkrg lq d uhdvrqdeoh idvklrq/ lw lv dv qrwhg deryh/ qhfhvvdu| wr
uhgxfh wkh frpsoh{lw| ri wkh jhqrw|sh vsdfh1 D phwkrg ri vlpsoli|lqj wkh uhsuhvhqwdwlrq ri
wkh jhqh vwuxfwxuh/ dqg dq lwhudwlyh phwkrg ri frqyhujlqj xsrq wkh rswlpdo frqjxudwlrq lv
suhvhqwhg ehorz1
81414 Uhsuhvhqwdwlrq ri wkh Jhqhwlf Vwuxfwxuh ri Vtxluuhov
Wkh froohfwlrq ehkdylrxu ri vtxluuhov fdq eh frqvlghuhg wr ydu| lq erwk wkh dyhudjh lqwhqvlw|
dqg wkh whpsrudo glvwulexwlrq ri vxfk hruwv1 Iru h{dpsoh/ lw pljkw eh zruwkzkloh wr froohfw
d juhdwhu dprxqw ri dfruqv gxulqj wkh idoo lq dqwlflsdwlrq ri zlqwhu1 Zh vkdoo prgho wklv
ehkdylrxu jhqhwlfdoo| e| frqvlghulqj hdfk lqglylgxdo wr kdyh ehkdylrxuv zklfk duh suhvfulehg
e| d vlqjoh doohoh
Hdfk doohoh kdv wr hqfrgh erwk wkh hruw doorfdwhg wrzdugv irrg froohfwlrq/ dqg wkh pdqqhu
lq zklfk wklv lqwhqvlw| ydulhv dv d ixqfwlrq ri wlph1 Iru wkh sxusrvh ri wklv prgho/ zh vkdoo xvh
wkh prqwk dv wkh glvfuhwh xqlw ri wlph1 Wkh khgjlqj lqwhqvlw| ixqfwlrq vkdoo kdyh d shulrg ri
4 |hdu/ dqg wkh yduldelolw| dv d ixqfwlrq ri wkh prqwk zloo eh vrphzkdw dssur{lpdwhg xvlqj
d srzhu vshfwuxp ri d Irxulhu vhulhv/ wkxv lw kdv wkh irup/
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Wkh jhqhwlf frqjxudwlrq fdq eh xqltxho| ghqhg e| vshfli|lqj wkh 60wxsoh +df> dcd2,1 Vlqfh
wkh ydoxhv ri d*v duh glvfuhwh/ zh fdq kdyh d wrwdo ri 9 @ 549 srvvleoh doohohv1
Hdfk srvvleoh doohoh fdq lv vrph vhqvh eh frqvlghuhg wr eh d glvwlqfw vshflhv zklfk lv
frpshwlqj iru wkh vdph uhvrxufhv/ zklfk hvvhqwldoo| uhtxluhv xv wr prgho wkh lqwhudfwlrq ri
549 vshflhv lq ghwhuplqlqj wkhlu vxevhtxhqw uhsuhvhqwdwlrq lq wkh qh{w jhqhudwlrq1
Wkh khgjlqj lqwhqvlw| ixqfwlrq ghqhg ryhu wkh doohoh vsdfh dqg wlph fdq eh uhsuhvhqwhg
e| K&|> l> m> n 5 ^3> 4> ===8` zklfk fruuhvsrqgv wr wkh lqwhqvlw| ixqfwlrq dvvrfldwhg zlwk wkh
60wxsoh + D > D > &D , dw wlph w1 H{solflwo|/ lw wdnhv wkh irup/
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81415 Uhqhphqw ri Rswlpdo Khgjlqj Hvwlpdwh
Qrwlfh wkdw wkh uhvroxwlrq ri wkh rswlpdo ohyho ri khgjlqj lv lq vrph vhqvh olplwhg e| wkh
glvfuhwlvdwlrq ri wkh ydoxhv ri d1 Wkh hvwlpdwh ri wkh rswlpdo ohyho ri khgjlqj fdq eh ixuwkhu
uhqhg lwhudwlyho| e| uhshdwlqj wkh vlpxodwlrq iru wkh doohoh vxevsdfh zklfk lv vsdqqhg e|
wkh lqglylgxdo vxeudqjhv ri d zklfk wkh suhylrxv lwhudwlrq vxjjhvwv wkh rswlpdo sdudphwhuv
olh zlwklq1
Zh duh lpsolflwo| dvvxplqj wkdw wkh ixqfwlrq ri dgdswlyh dgydqwdjh lv vx!flhqwo| vprrwk
wkdw rxu glvfuhwlvdwlrq ryhu wkh doohoh vsdfh wkdw lw doorzv xv wr eudfnhw wkh joredo pd{lpd
ri wkh dgdswlyh ixqfwlrq1 Wklv wkxv vhuyhv dv wkh wkhruhwlfdo edvlv iru wkh lwhudwlyh surfhvv
ri frqyhujlqj xsrq wkh pd{lpd ri wkh dgdswlyh ixqfwlrq/ zklfk fruuhvsrqgv wr wkh rswlpdo
whpsrudo glvwulexwlrq ri khgjlqj lq rxu prgho1
815 Pxowlglphqvlrqdo Rswlplvdwlrq Irupxodwlrq
Lw pljkw vhhp wkdw wkh phwkrgrorj| dvvrfldwhg zlwk jhqhwlf dojrulwkpv zrxog eh dq reyl0
rxv fkrlfh iru vlpxodwlqj wklv v|vwhp1 Qrwh krzhyhu wkdw vlqfh zh duh frqfhuqhg zlwk wkh
lqwhudfwlrq ehwzhhq wkh vtxluuhov dqg wkh hqylurqphqw dv rssrvhg wr d frpshwlwlyh v|vwhp/
wkh wqhvv ixqfwlrq lv lqghshqghqw ri lqwhudfwlrq whupv/ wkxv lw lv srvvleoh wr irupxodwh dq
h{solflw wqhvv ixqfwlrq e| hydoxdwlqj wkh frpelqhg hhfw ri }|jrwlf vhohfwlrq dqg ihfxqglw|
vhohfwlrq ryhu d shulrg ri d vlqjoh |hdu1
Wkh Jhqhwlf Dojrulwkp dssurdfk lv rqo| qhfhvvdu| li wkh wqhvv ixqfwlrq ghshqgv xsrq
lqwhudfwlrq whupv/ zklfk zrxog lpso| wkdw wkhuh lvq*w dq devroxwh wqhvv dvvrfldwhg zlwk d
sduwlfxodu v|vwhp ri fkdudfwhulvwlfv/ lq wkdw wkh dgdswlyh ydoxh dvvrfldwhg zlwk d wudlw zrxog
eh ghshqghqw xsrq wkh frpsrvlwlrq ri wkh srsxodwlrq1
81514 Rswlplvdwlrq ri wqhvv ixqfwlrq ryhu jhqhwlf frqjxudwlrq vsdfh
Li wkh wqhvv ixqfwlrq frxog eh h{solflwo| h{suhvvhg dv d ixqfwlrq ri wkh jhqrw|sh/ lw zrxog
eh srvvleoh wr uhgxfh wkh sureohp wr pd{lplvlqj wkh wqhvv ixqfwlrq ryhu wkh jhqhwlf frq0
jxudwlrq vsdfh1 Wkh txhvwlrq ri orfdo pd{lpdv dulvh zkhq wkh lqlwldo frqjxudwlrq vwdwh lv
qrw ghqvh lq wkh frqjxudwlrq vsdfh/ krzhyhu e| uhshdwlqj wkh q0glphqvlrqdo rswlplvdwlrq
surfhgxuh xvlqj d udqgrp vxevhw ri wkh frqjxudwlrq vsdfh dv lqlwldo srlqwv/ zh zloo eh deoh
wr ghwhuplqh wkh h{shfwhg ohyho ri khgjlqj zklfk vkrxog eh revhuyhg lq uhdolw|1
Wkh dgdswdwlrq ri wkh q0glphqvlrqdo rswlplvdwlrq irupxodwlrq dovr doorzv xv wr glvfdug
wkh glvfuhwlvdwlrq surfhgxuh zklfk zrxog eh uhtxluhg lq frqvlghulqj wkh jhqhwlf dojrulwkp
irupxodwlrq/ vlqfh Srzhoo*v Phwkrg lq Pxowl0glphqvlrqv ^4` doorzv xv wr vhdufk wkh jhqhwlf
frqjxudwlrq vsdfh zlwkrxw kdylqj wr duelwudulo| glvfuhwlvlqj wkh hydoxdwlrq srlqwv1 Zh duh
dovr deoh wr frqvlghu wkh 450glphqvlrqdo jhqrw|sh vsdfh zlwkrxw dssur{lpdwlqj lw xvlqj wkh
srzhu vshfwuxp ri d Irxulhu vhulhv dv ghvfulehg deryh1
E| frqvlghulqj wklv irupxodwlrq/ zh fdq dwwhpsw wr vhdufk wkh 450glphqvlrqdo jhqhwlf
frqjxudwlrq vsdfh zklfk fruuhvsrqgv wr wkh khgjlqj lqwhqvlw| ri hdfk ri wkh prqwkv/ dqg
wkhuhe| ghwhuplqh wkh rswlpdo froohfwlrq dqg khgjlqj vwudwhj| zklfk zloo eh dgrswhg1
816 Vhohfwlrq ri Prghoolqj Dssurdfk
Zh vkdoo dgrsw wkh pxowlglphqvlrqdo rswlplvdwlrq irupxodwlrq iru wkh uhvw ri wkh sdshu1 Lw
pljkw zhoo vhhp wkdw wkh vshflhv lqwhudfw/ vlqfh wkhuh lv d {hg dprxqw ri irrg zklfk pxfk
eh vkduhg e| wkh hqwluh srsxodwlrq/ exw wkh ghfuhdvh lq irrg vxsso| hvvhqwldoo| lqwurgxfhv d
vfdolqj frqvwdqw zklfk xqlirupo| dhfwv doo lqglylgxdov/ wkxv iru wkh sxusrvh ri sursruwlrqdwh
uhsuhvhqwdwlrq lq wkh qh{w jhqhudwlrq/ wklv whup fdqfhov rxw/ dqg wkh lqwhudfwlrq whup fdq eh
ljqruhg iru wkh sxusrvhv ri rxu glvfxvvlrq1
9 Ilwqhvv Ixqfwlrq
Wkh uhsuhvhqwdwlrq ri dq doohoh lq wkh qh{w jhqhudwlrq lv ghwhuplqhg e| wkh dgdswlyh ydoxh ri
wkh wudlw hqfrghg e| wkh doohoh1 Wkh wqhvv ixqfwlrq/ ghshqgv xsrq wkh yduldelolw| ri wkh irrg
vxsso| wr d idu juhdwhu h{whqw wkdq wkh frqwulexwlrq ri khgjlqj wr wkh orqj whup vxsso| ri
dfruqv/ vlqfh wkh dgdswlyh ydoxh ri vxfk d wudlw dfwv htxdoo| xsrq wkh srsxodwlrq dv d zkroh/
zkhuhdv lqglylgxdo uhvhuyhv kdyh d pruh vljqlfdqw dgdswlyh ydoxh/ sduwlfxoduo| lq wlphv ri
vfduflw|1
Wkh wqhvv ixqfwlrq zloo hqfrpsdvv erwk }|jrwlf dqg ihfxqglw| vhohfwlrq ryhu d shulrg
ri rqh |hdu1 Wkh |hduo| f|foh zloo eh hydoxdwhg iurp wkh shulrg lpphgldwho| iroorzlqj wkh
suhylrxv uhsurgxfwlyh shulrg xs wr wkh uhsurgxfwlyh shulrg ri wkh |hdu1 Wkxv/ wkh vxuylydo
fkdudfwhulvwlfv zloo eh hydoxdwhg iru wkh uvw 45 prqwkv ri wkh f|foh/ dqg wkh dprxqw ri
uhvhuyhv uhpdlqlqj zloo ghwhuplqh wkh ihfxqglw| ri wkh jhqrw|sh lq txhvwlrq1
914 Dfruq Uhvhuyhv
Zh pljkw frqvlghu wkh vwdwh ri hdfk lqglylgxdo doohoh wr eh uhsuhvhqwhg e| wkh qxpehu ri
uhsuhvhqwdwlyhv dqg wkh dprxqw ri uhvhuyhv dffxpxodwhg ryhu wkh odvw 9 prqwkv1 Uhvhuyhv
jhw frqyhuwhg wr srwhqwldo rdn wuhhv dffruglqj wr dq h{srqhqwldo ghfd| ixqfwlrq1 Wkxv wkh
uhvhuyhv zrxog eh uhsuhvhqwhg e| wkh 90wxsoh U+w, @ +u> u2> u> ue> uD> uS,1 Lq wlphv ri vfduflw|/
uhvhuyhv duh h{shqghg iurp wkh ohdvw uhfhqw uhvhuyhv/ uhvxowlqj lq wkh vwdwh ri wkh uhvhuyhv dw
wkh hqg ri wkh prqwk/ U+w, @ +u> u2> u> ue> uD> uS,1 Lqfuhphqwlqj wkh wlph e| d prqwk zloouhvxow lq wkh qhz vwdwh ri uhvhuyhv wr eh uhsuhvhqwhg e| U+w.4, @ +uf> gu> gu2> gu> gue> guD,>zkhuh g @ 3=9 lv wkh ghfd| frh!flhqw1 Wkh frqwulexwlrq wrzdugv wkh vxsso| ri dfruqv zklfk
jurzq lqwr rdn vdsolqjv zloo wkhq eh
SD'+4 g,u

. uS1 Wklv prqwko| frqwulexwlrq zloo
eh frqvrolgdwhg rq d |hduo| ohyho dqg zloo frqwulexwh wr dq lqfuhdvh lq wkh qxpehu ri dfruq
surgxflqj rdn wuhhv 63 |hduv khqfh1
915 Dfruq Froohfwlrq dqg Uhwulhydo
Wr ghwhuplqh wkh pdqqhu lq zklfk d vtxluuho zrxog pdqdjh lwv dfruq uhvhuyhv/ lw lv qhfhvvdu|
wr ghwhuplqh wkh uhodwlyh hqhujhwlfv ri dfruq froohfwlrq dqg uhwulhydo1 D vtxluuho rewdlqv d
fhuwdlq dprxqw ri hqhuj| iurp wkh dfruqv lw frqvxphv lq wkh suhylrxv prqwk/ dqg d sruwlrq
ri wkdw hqhuj| lv doorfdwhg wrzdugv wkh froohfwlrq ri qhz dfruqv lq wkh fxuuhqw prqwk1 Wkh
dfruqv duh dozd|v slfnhg iuhvko| exw uhvhuyhv pd| eh uhwulhyhg wr vxvwdlq wkh hruw ri ixuwkhu
irrg froohfwlrq1 Zh vkdoo frqvlghu wkh qxpehu ri dfruqv frqvxphg e| d vtxluuho lq d qrupdo
prqwk wr eh ghqrwhg e| DA 1
91514 Hqhujhwlfv ri Dfruq Froohfwlrq
Zh fdq prgho wkh gl!fxow| ri qglqj irrg e| frqvlghulqj wkh dprxqw ri hqhuj| h{shqghg wr
rewdlq d vlqjoh dfruq1 Li wkh vxsso| ri dfruqv lv qrupdolvhg zlwk 4 fruuhvsrqglqj wr d qrupdo
vxsso| ri dfruqv/ zh pljkw ghqh wkh hqhuj| uhtxluhg wr froohfw dq dfruq iuhvk iurp dq rdn
wuhh wr eh/
HS+w, @ HfI +w, +7,
zkhuh I+w, fruuhvsrqgv wr wkh dprxqw ri irrg dydlodeoh lq wkh prqwk w/ dqg Hf fruuh0
vsrqgv wr wkh dprxqw ri hqhuj| uhtxluhg wr froohfw d vlqjoh dfruq xqghu qrupdo frqglwlrqv1
91515 Hqhujhwlfv ri Dfruq Uhwulhydo
Rqh pljkw frqvlghu wkh hqhuj| dvvrfldwhg zlwk uhwulhylqj dq dfruq wr eh ghshqghqw xsrq wkh
dprxqw ri dfruqv lq d uhvhuyh1 Zh pljkw uhdvrqdeo| frqvlghu wkh hqhuj| uhtxluhg wr uhwulhyh
dq dfruq iurp d uhvhuyh zklfk lv htxlydohqw lq vl}h wr d prqwk*v vxsso| ri dfruqv wr eh f riwkh hqhuj| uhtxluhg wr froohfw wkhp iurp wkh wuhhv1 Wkxv wkh htxdwlrq zloo kdyh wkh irup/
Ho+w, @ Hf DA43 
SS' u
 +8,
91516 Dfruqv dv d vrxufh ri hqhuj|
Lw lv qhfhvvdu| wr txdqwli| wkh dprxqw ri hqhuj| ghulyhg iurp d vlqjoh dfruq/ hdfk dfruq
zloo vxsso| H@ ri hqhuj| zkhq frqvxphg1 Ri juhdwhu lpsruwdqfh zloo eh wkh udwlr ri hqhuj|
rewdlqhg zkhq frqvxphg djdlqvw wkh hqhuj| h{shqghg gxulqj froohfwlrq1 Zh vkdoo ghqh wkh
udwlr wr kdyh wkh ydoxh/
H@
Hf @ 4=8 +9,
916 Srsxodwlrq G|qdplfv
Zh zloo uhvwulfw wkh dqdo|vlv wr wkh wqhvv ri d vlqjoh lqglylgxdo ri d sduwlfxodu jhqrw|sh1
Dw wkh vwduw ri wkh f|foh/ zklfk lv mxvw dw wkh frpsohwlrq ri wkh suhylrxv uhsurgxfwlyh f|foh/
zh pd| dvvxph wkdw wkh pdmrulw| ri wkh uhvhuyhv kdyh ehhq h{shqghg wrzdugv eluwk dqg
qxuwxulqj ri wkh qhz jhqhudwlrq/ zlwk wkh uhvw ri wkh uhvhuyhv vhuylqj dv wkh hqhuj| vrxufh
iru wkh fxuuhqw srsxodwlrq1
Zh pljkw frqvlghu wkh vtxluuho wr kdyh d vxvwhqdqfh hqhuj| ohyho zklfk fruuhvsrqgv wr wkh
dprxqw ri hqhuj| uhtxluhg wr vxvwdlq d vtxluuho ryhu d vlqjoh prqwk/ zklfk zh vkdoo ghqrwh
dv Hr1 Qrwh wkdw wkh shufhqwdjh ri wkh ruljlqdo srsxodwlrq ohiw dw wlph w lv ghqrwhg e| s+w,1
Wkh dprxqw ri dfruqv froohfwhg e| wkh uhpdlqlqj vtxluuho srsxodwlrq lq d jlyhq prqwk/
DS zrxog wkhq eh/
DS+w, @ s+w, HrH@ +4 .K+w,, +:,
Zkhuh K+w, ghqrwhv wkh dprxqw ri khgjlqj zklfk lv hqfrghg iru wkh sduwlfxodu prqwk1
Wkh wrwdo dprxqw ri hqhuj| h{shqghg/ H|J|@, wr froohfw wkhvh dfruqv zloo eh/
H|J|@,+w, @ HS DS+w,
@ HfI+w, 
s+w, Hr
H@ +4 .K+w,,
@ s+w, Hr4=8  I+w, +4 .K+w,, +;,
91614 Xwlolvdwlrq ri Uhvhuyhv
Lq wkh hyhqw wkdw wkh vxvwhqdqfh hqhuj| ohyho lv lqdghtxdwh wr doorz wkh vtxluuho wr froohfw
wkh uhtxluhg qxpehu ri dfruqv/
s+w, Hr ? H|J|@,+w, @ s+w, Hr4=8  I +w, +4 .K+w,, +<,
wkh uhvhuyhv zloo eh h{shqghg wr doorz wkh vtxluuho wr rewdlq wkh uhtxluhg dprxqw ri
dfruqv1 Wkxv/ wkh dprxqw ri uhvhuyhv/ q zklfk zloo eh frqvxphg zloo eh jlyhq e| vroylqj wkh
iroorzlqj htxdwlrq iru q>
q @
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91615 Lqdghtxdwh Hqhuj| Ohyhov iru Froohfwlrq Lqwhqvlw|
Vkrxog wkh dprxqw ri uhvhuyhv eh lqdghtxdwh wr frpshqvdwh iru wkh lqdghtxdwh frqvxpswlrq/
wkh wrwdo hqhuj| xvhg lq wkh froohfwlrq surfhvv iru qhz dfruqv zloo eh/
H|J|@,+w, @ s+w, Hr .
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wkh hqhuj| ghulyhg iurp frqvxphg dfruqv/ HSJ?r6e_ zrxog eh/
HSJ?r6e_+w, @ H@ H|J|@,+w,HS  +4 .K+w,,
@
H@

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Wkxv/ lq vxfk d vlwxdwlrq/ rqo| d sruwlrq ri wkh srsxodwlrq zloo vxuylyh/ zlwk wkh uhvw orvw
wr vwduydwlrq1 Wkh vxuylydo sursruwlrq lv/
Sro@,+w, @ HSJ?r6e_+w,s+w, Hr
@
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91616 Dgglwlrqv wr uhvhuyhv
Wkh uhvhuyhv duh dxjphqwhg e| wkh idfwru ME|nME| ri wkh irrg froohfwhg lq wkdw prqwk1 Wkhuhduh wkuhh fdvhv wr eh frqvlghuhg/
41 vxvwhqdqfh hqhuj| iurp suhylrxv prqwk dghtxdwh iru froohfwlrq qhhgv
51 uhvhuyhv wdsshg wr rewdlq hqhuj| iru froohfwlrq ri irrg
61 uhvhuyhv lqdghtxdwh iru hqhuj| qhhgv
Dghtxdwh hqhuj| ohyhov Lq vlwxdwlrqv lq zklfk wkh hqhuj| rewdlqhg iurp wkh suhylrxv
prqwk zdv dghtxdwh wr froohfw wkh uhtxluhg qxpehu ri dfruqv/ wkh qxpehu ri dfruqv sodfhg
lqwr vwrudjh zrxog eh/
uf @ K+w,4 .K+w, 
s+w, Hr
H@ +4 .K+w,,
@ K+w,  s+w, HrH@ +47,
Uhvhuyhv xwlolvhg Zkhq wkh uhvhuyhv surylgh dq dghtxdwh dprxqw ri hqhuj| wr ixooo doo
froohfwlrq uhtxluhphqwv/ wkh qxpehu ri dfruqv froohfwhg zrxog eh wkh vdph dv lq wkh fdvh ri
dghtxdwh hqhuj| ohyhov/ wkxv wkh frqwulexwlrq wr wkh uhvhuyhv zrxog eh/ K+w,  RE|u.r.@ =
Lqdghtxdwh uhvhuyhv Lq wkh fdvh ri lqdghtxdwh uhvhuyhv/ wkh qxpehu ri dfruqv froohfwhg
zdv ohvv wkdq wkh uhtxluhg dprxqw/ wkxv zh rewdlq wkh iroorzlqj h{suhvvlrq iru wkh lqfuhdvh
lq irrg uhvhuyhv/
uf @ K+w,4 .K+w, 
H|J|@,+w,
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91617 Ilwqhvv Ixqfwlrq dv d phdvxuh ri ]|jrwlf Vhohfwlrq
Uhfdoo lq htxdwlrq +46,/ zh irxqg dq h{suhvvlrq iru wkh vxuylydo idfwru zkhq wkh uhvhuyhv duh
lqdghtxdwh wr vxvwdlq wkh fxuuhqw srsxodwlrq ohyho1 Wklv lqdghtxdwh irrg vxsso| uhvxowv lq
srsxodwlrq dwwulwlrq dqg frqvhtxhqwo| phdvxuhv wkh lqwhqvlw| ri }|jrwlf vhohfwlrq1 Zh pljkw
frqvlghu wkh vxuylylqj srsxodwlrq uhodwlyh wr wkh lqlwldo srsxodwlrq wr eh wkh surgxfw ri hdfk
prqwk*v vxuylydo sursruwlrq/
Sro@, @
2\
|'
Sro@,+w, +49,
91618 Irrg Uhvhuyhv dqg Ihfxqglw| Vhohfwlrq
Zh kdyh ghqhg wkh uhsurgxfwlyh f|foh ri wkh vtxluuho wr rffxu dw wkh hqg ri wkh |hduo| f|foh/
dqg wklv vhuyhv dv wkh vhfrqg frqvlghudwlrq lq ghwhuplqlqj wkh wqhvv ixqfwlrq1 Zh vkdoo
dvvxph wkdw wkh ihfxqglw| lv sursruwlrqdo wr wkh uhpdlqlqj srsxodwlrq ohyho dqg wkh dprxqw
ri uhvhuyhv dydlodeoh1 Hdfk qhz srsxodwlrq xqlw zrxog uhtxluh H?e wr surgxfh1 Wkxv/ wkh
wqhvv ixqfwlrq kdv wkh irup/
Ilwqhvv @ Sro@, 
3
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91619 Qrupdolvdwlrq ri Ilwqhvv Ixqfwlrq
Zkloh lw pd| vhhp qhfhvvdu| wr qrupdolvh wkh wqhvv ixqfwlrq/ lw dggv dq xqqhfhvvdu| ohyho
ri frpsxwdwlrq wr wkh vlpxodwlrq/ vlqfh zh duh rqo| frqfhuqhg zlwk wkh uhodwlyh dgdswlyh
dgydqwdjh ri wkh jhqrw|shv lq frqvlghudwlrq1
917 Dojrulwkp iru wkh frpsxwdwlrq ri wkh Ilwqhvv Ixqfwlrq
Zh kdyh ghvfulehg dqg txdqwlhg lq wkh suhylrxv vhfwlrq wkh surfhvvhv zklfk zloo dhfw wkh
vtxluuho srsxodwlrq lq d vlqjoh lwhudwlrq ri d |hduo| pdwlqj f|foh1 Zh kdyh wkhuhiruh ghyhorshg
doo wkh qhfhvvdu| pdwkhpdwlfdo pdfklqhu| wr dqdo|vh wkh dgdswlyh dgydqwdjh dvvrfldwhg zlwk
d sduwlfxodu khgjlqj vwudwhj|1
Lq wklv vhfwlrq/ zh vkdoo frpelqh wkh ghqlwlrqv dqg surfhvvhv ghvfulehg lq wkh suhfhglqj
vhfwlrqv wr ghyhors dq dojrulwkp wr frpsxwh wkh wqhvv ixqfwlrq iru d vshflf irrg vxsso|
ixqfwlrq I +w,/ dqg d jlyhq khgjlqj lqwhqvlw| frqjxudwlrq/ K+w,=
Wkh svhxgr0frgh iru frpsxwlqj wkh Ilwqhvv Ixqfwlrq lv dv iroorzv/
Ixqfwlrq Ilwqhvv + I +w,> K+w, , = uhdo>
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918 Pxowl0glphqvlrqdo Rswlplvdwlrq lq Jhqhwlf Frqjxudwlrq Vsdfh
Zh kdyh ghqhg wkh frpsxwdwlrqdo vfkhph iru hydoxdwlqj wkh wqhvv ixqfwlrq/ zklfk ghshqgv
xsrq d {hg irrg vxsso| ixqfwlrq/ I +w,1 Lw lv wkxv qhfhvvdu| wr sureh wkh jhqhwlf frqjxudwlrq
vsdfh iru wkh sdudphwhuv K+w, 5 ^3> 4`= Wkh vhdufk xvlqj Srzhoo*v Phwkrg lq Pxowl0glphqvlrqv
fdq eh frqvwudlqhg wr wkh uhtxluhg sdudphwhu vsdfh e| ghqlqj wkh Ilwqhvv Ixqfwlrq h{whulru
wr wkh ghvluhg sdudphwhu vsdfh dv ehlqj vrph qhjdwlyh qxpehu/ wkhuhe| erxqglqj wkh vhdufk
vsdfh wr K+w, 5 ^3> 4`=
: Glvfxvvlrq
Dv vwdwhg hduolhu/ wkh xqglhuhqwldwhg lqfuhdvh lq irrg vxsso| dv d frqvhtxhqfh ri khgjlqj/
dqg wkh orj odj wlph 63 |hduv ehwzhhq wkh dgdswlyh ehkdylrxu dqg wkh dgydqwdjh ghulyhg
iurp wklv ehkdylrxudo sdwwhuq/ lpsolhv wkdw wkh hhfw ri qdwxudo vhohfwlrq rq wkh edvlv iru
wklv phfkdqlvp ri khgjlqj uhvxowlqj lq lqfuhdvhg irrg vxsso|/ lv lqvljqlfdqw frpsduhg wr
phfkdqlvpv zklfk zrxog kdyh d pruh lpphgldwh dqg orfdolvhg dgdswlyh dgydqwdjh wr wkh
lqglylgxdo h{klelwlqj vxfk dq dgdswlyh ehkdylrxu1
:14 Shulrgv ri Dexqgdqfh dqg Vfduflw|
Wkh irupxodwlrq ri wkh wqhvv ixqfwlrq suhvhqwhg deryh lv wkxv h{solflwo| ghshqghqw xsrq
wkh glhuhqwldwhg hhfw ri shulrgv ri dexqgdqfh dqg vfduflw| lq irrg vxsso| rq lqglylgxdov
zlwk glhulqj irrg froohfwlrq vwudwhjlhv1 Wkh vxevwdqwldo glhuhqfh lq wkh lqwhu0jhqhudwlrqdo
shulrg ri rdn wuhhv dqg vtxluuhov doorzv xv wr dvvxph wr uhdvrqdeoh dffxudf| wkdw wkh irrg
vxsso| ixqfwlrq zklfk lv ghshqghqw xsrq wkh jhqhwlf frqjxudwlrq ri wkh rdn wuhhv lq d
idvklrq dqdorjrxv wr wkh irrg froohfwlrq lqwhqvlw| ri vtxluuhov/ lv uhodwlyho| frqvwdqw iru wkh
shulrg ri dqdo|vlv1
:15 Khgjlqj Vwudwhjlhv pdqlihvwhg lq qdwxuh
Wkh rswlpxp zklfk lv h{klelwhg lq qdwxuh lv sulpdulo| ghshqghqw xsrq wkh irrg vxsso| ixqf0
wlrq/ I +w,/ zklfk lv lqwlpdwho| dvvrfldwhg zlwk wkh irrg froohfwlrq vwudwhjlhv zklfk vtxluuhov
zloo dgrsw1 Lq dgglwlrq/ hyhq li I+w, zhuh wr eh khog frqvwdqw/ lw lv srvvleoh iru wkh wrsrorj|
ri wkh 450glphqvlrqdo wqhvv odqgvfdsh pdqlirog dvvrfldwhg zlwk I +w, lq wkh 460glphqvlrqdo
hpehgglqj vsdfh/ zklfk lv frpsrvhg ri d 450glphqvlrqdo jhqhwlf frqjxudwlrq vsdfh soxv d
40glphqvlrqdo wqhvv ixqfwlrq frruglqdwh/ wr dhfw wkh vwudwhjlhv zklfk vtxluuhov dgrsw1
Dvvxplqj wkdw wkh lqlwldo jhqh srro lv dvvrfldwhg zlwk d vhw ri srlqwv lq wkh 450glphqvlrqdo
jhqhwlf frqjxudwlrq vsdfh/ zh pljkw wkhq frqvlghu wkh srvvleoh vwdwhv ri wkh qh{w jhqhud0
wlrq wr fruuhvsrqg wr doo sdluzlvh sdwkv ehwzhhq wkh srlqwv uhsuhvhqwlqj wkh lqlwldo jhqhwlf
frqjxudwlrqv1
Lq uhdolw|/ wkh jhqhwlf frqjxudwlrq vsdfh lv glvfuhwh/ dqg pljkw eh ehwwhu uhsuhvhqwhg
dv d odwwlfh vwuxfwxuh/ exw lq wkh olplw/ zh pd| dssur{lpdwh wkh frqjxudwlrq vsdfh xvlqj d
frqwlqxrxv wuhdwphqw1
Zh pljkw ylvxdolvh wklv lq wkh fdvh ri d 50glphqvlrqdo jhqhwlf frqjxudwlrq vsdfh zlwk
wkh dlg ri d judsk ghqhg rq vrph odwwlfh ri jhqhwlf frqjxudwlrqv1
50glphqvlrqdo judsk dqdorj wr doohoh lqwhudfwlrq lq jhqhwlf vsdfh
Lq wkh olplwlqj fdvh/ zlwk d vxevwdqwldo qxpehu ri dowhuqdwlyh doohohv/ wkh surfhvv frqyhujhv
rqwr d juhhg| dojrulwkp dssurdfk wr pxowl0glphqvlrqdo pd{lplvdwlrq1
:16 Dqdorjlhv ehwzhhq wkh Qhjdwlyh ri wkh Ilwqhvv Ixqfwlrq dqg Srwhqwldo
Ixqfwlrqv
Zh pljkw uhdvrqdeo| frqvlghu hdfk vxffhvvlyh lwhudwlrq wr fdxvh wkh frqyh{ vhw ri srlqwv wr
glplqlvk lq phdvxuh/ dqg frqyhujh wr d orfdo pd{lpd1 Wkhuhlq olhv dqrwkhu srvvlelolw| zklfk
frxog frqfhlydeo| fkdqjh wkh ehkdylrxudo sdwwhuqv zklfk zloo eh h{klelwhg lq qdwxuh1
Li zh wdnh wkh qhjdwlyh ri wkh wqhvv ixqfwlrq/ wkh vwdeoh srlqwv ri wkh lwhudwlyh surfh0
gxuh pljkw eh frqvlghuhg wr eh dqdorjrxv wr srwhqwldo plqlpdv1 Uhjlrqv ri orz dgdswlyh
ydoxh zrxog wkhq fruuhvsrqg wr srwhqwldo eduulhuv zklfk zrxog frqvwudlq wkh hyroxwlrq ri
wkh v|vwhp wr vrph srwhqwldo zhoo1 Lw lv iru wklv uhdvrq wkdw wkh vwdeoh srlqw zklfk wkh
v|vwhp hyhqwxdoo| frqyhujhv wr ghshqgv xsrq wkh wrsrorj| ri wkh wqhvv odqgvfdsh lq wkh
460glphqvlrqdo hpehgglqj vsdfh1
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Frqyhujhqfh ri hyroxwlrqdu| v|vwhp wr orfdo pd{lpdv
Wkxv/ wkh jhqhwlf v|vwhp pd| hyroyh wr d orfdo pd{lpd srlqw ri wkh wqhvv ixqfwlrq/
zklfk zrxog eh orfdoo| vwdeoh xqohvv vxevwdqwldoo| shuwxuehg e| shukdsv d fkdqjh lq wkh irrg
glvwulexwlrq ixqfwlrq1 Lq wkh wqhvv odqgvfdsh looxvwudwhg deryh/ lw lv srvvleoh iru wkh v|vwhp
wr frqyhujh wr rqh ri wkh wkuhh orfdo pd{lpdv/ lqvwhdg ri wkh joredo pd{lpd1
:17 Frhyroxwlrqdu| suhvvxuh h{huwhg e| rdn wuhhv dqg vtxluuhov
Rdn wuhhv frxog frqfhlydeo| frhyroyh wr ydu| wkh dprxqw ri dfruqv surylghg ghshqglqj
xsrq wkh wlph ri wkh |hdu/ vlqfh wkh dprxqw ri hqhuj| zklfk pxvw eh h{shqghg iru d {hg
surgxfwlrq zrxog wkhq eh lqyhuvho| uhodwhg wr wkh hqhuj| vrxufh/ vxqoljkw zklfk kdv dq
dpsolwxgh hqyhorsh zlwk d shulrg ri 4 |hdu1
Edvhg xsrq wkh dvvxpswlrq wkdw wkh lqlwldo frqglwlrq iru rdn wuhhv zrxog eh wr surgxfh
dfruqv dffruglqj wr d {hg sursruwlrq ri lwv hqhuj| lqwdnh/ wkh surgxfwlrq ri dfruqv zrxog
eh sursruwlrqdo wr wkh dprxqw ri vxqoljkw uhfhlyhg dw wkh wlph ri wkh |hdu1
Lw zrxog eh frqfhlydeoh wkdw vtxluuhov zlwk wkh surshqvlw| wr froohfw uhvhuyhv ri irrg
lpphgldwho| sulru wr shulrgv ri vfduflw| zrxog whqg wr suhgrplqdwh1 Wkh suhgrplqdqfh
ri vtxluuhov zlwk wklv fkdudfwhulvwlf zrxog doorz rdn wuhhv wr sursruwlrqdwho| uhgxfh wkhlu
surgxfwlrq ixuwkhu gxulqj wkh zlqwhu prqwkv/ zlwkrxw xqgxo| glplqlvklqj wkhlu yldelolw|1
Dv wkh lqwhu0jhqhudwlrqdo wlph iru vtxluuhov lv dssur{lpdwho| 4 |hdu/ dv frpsduhg wr
vrphwklqj olnh 63 |hduv iru rdn wuhhv/ lw lpphgldwho| iroorzv wkdw wkh vhohfwlrq suhvvxuh
h{huwhg e| rdn wuhhv xsrq vtxluuhov lv vxevwdqwldoo| juhdwhu wkdq wkdw ri vtxluuhov xsrq rdn
wuhhv1 Wkh wlph vfdohv dovr lpso| wkdw wkh udwh ri jhqhwlf fkdqjh iru rdn wuhhv zloo eh
vljqlfdqwo| ohvv wkdq wkdw ri vtxluuhov1
; Frqfoxvlrq
Zh kdyh ghyhorshg wkh wkhruhwlfdo iudphzrun lq wklv sdshu wr dqdo|vh wkh rswlpdo irrg
froohfwlrq dqg khgjlqj vwudwhj| iru vtxluuhov jlyhq d sduwlfxodu irrg vxsso| ixqfwlrq1 Vlqfh
wkh irrg vxsso| ixqfwlrq lv ghshqghqw xsrq wkh orfdo fkdudfwhulvwlfv ri wkh hfrorjlfdo v|vwhp/
wkh vshflf dqdo|vlv ri rswlpdo vwudwhjlhv lq vshflf fdvhv zloo qrw eh frqvlghuhg lq wklv sdshu1
Lw zrxog krzhyhu eh iuxlwixo wr dqdo|vh wkh irrg vxsso| dqg khgjlqj ixqfwlrqv ri dq
dfwxdo elrorjlfdo v|vwhp ri vtxluuhov dqg rdn wuhhv/ dqg frpsduh wkh hpslulfdo uhvxowv zlwk
wkh wkhruhwlfdo suhglfwlrqv ri wklv prgho1
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